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DIRECT ELECTRODVNAMIC LIlSBAR DRIVE-- 

The invftntion relates to a direct electrodynatnic 
linear drive comprising a drive coiX gygfcem made up of a 
plurality of adjacently arranged ooils, said system being 
adapted to be operated by a swicched exciting voltage, and 
a plurality of adjacently arranged permanent magnets, 
mean-s being provided for relatively moving on the one hand 
permanent: magnets and che drive coil system on the other 
hand. 

In the case of a previously proposed linear direct 
drive diBclosed in the German patent publication 
19,748,647 Al the coils are arranged on the inner side of 
a tferromagnetic tube, whereae the permanent magnete are 
able to be moved within the drive coil system. It is more 
especially i„ the case of elongated arrangements that this 
l^ads to eubstantial bearing problems for the permanent 
magnets able to be moved within the coils and a force 
transmitting element tmiat be fixed to the magnets. 

One object of the invention is to create an 
electrodynamic linear drive, in the case of which the 
armature may be simply and reliably supported by bearing 
means even in the case of an extremely long drive. 

This aim is to be achieved in accordance with 
invention by the features of claim 1. 

The f ertonsgnetic tube surrounding and holding the 
drive coil system has a multiple function and serves on 
the one hand a» a guide element for the armature and on 
the other hand as a magnetic return member for containing 
the magnetic field. Such a ferromagnetic tube can be 
reliably and exactly guided on the outer aide by 
longitudinal guide bearings readily for longitudinal 
movement, whereas the drive coil system may be fixed 
the interior of the tube or, respectively, of the 
permanent magnets in a stationary manner. 



Received from < > at 1/24/034:11:52 PM [Eastern Standard Time] 


—NO. 2973 — P, 5 

PAX:+49 711 310576 76 


25 


r.T.r.^^J^T'^^^ ^"^^ dependei^t claim* 

represent advantageous farther developments and 
.n^rc^e.en.« of the direcc li„ea. d.lve specified in elai. 

It is an ftdv^tage for the tube to be slidingly 
™d in a longitudinal due. in a houein^, '^l^ 

end longitudinal duct frc^ one 

«nd Thxs means th^t a direct linear drive can be 
««nufac.ured With an extremely amall housing cross section 
and a great longitudinal extent. 

<,.„r ^''/r*'*'' "^^^ t^i^^ drive coil syatems is 

centered In the ferromagnetic tube with relatively .r^^^ 

irr; permanent .agnets a nc.-.erromagne.ic 

guide tube extendi along radial inner faces cf the 
permanent magnets, at least one aupport element being 
arranged additionally on the elongated core for sliding or 
rolling along the inner face of the guide tube. 

lha radially magnetised permanent magnets fit about 
the drive coil system and are more particularly made up of 
radially or diametrally magnetised magnet segments or 
niagnet. sheila. 

The- guide tube and the permanent magnets may -possess 
a round, oval-lijce or prismatic cross section, all non- 
round cross sections preventing relative rotation. 

A particularly compact and readily handled 
arrangement is one in which the housing ha* integrated in 
it an electronic regulating and/or control system and/or 
power sy^^tem for electrically supplying the drive coil 
system and/or an electrically operated brake meang for the 
armature . 

The cylindrically wound drive coil system can have 
one or more strands, and in the case of several coil 
strands they will be placed on the core in sequence with 
axially alternating directions of winding, the width of a 
coxl Will in this case be equal to the width of a 
permanent magnet divided by the number of coil atrs 
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in th* case of a multi-scrand drlv« coil system It 1« 
ZZTT '"'^ electronic n^chanlcS 

ccmmutatlo. of the coil strands in accordance with their 

In order t*. find the annature position a diBplac6m^n^ 
meaaurxng 3y.t.. is provided i. the hou.in^, ,^'^::^"*^ 
<=^xl syete. preferably heing designed as rii^pLoemlL 
measuring system . «ispj.acemeiit 

In the case of a preferred design of such an 
svltfrr'' f'^'"*'"^"'^ measuring systeo, the dri^e coil 
^vst^ -'^--^^ - a differential choice 

s^iof^ "."^ "^""""^ "^^^ different ™ag.etic 

' inductance are caused and 

sLfLr 't' r^'"" ^^^^"^^ c^orre.po.d.Cy 

beln^Lld ' '"^^""^ ^'^^ --Xuating Lane 

toeang provided responsive to the inductance states i^ the 

inductance fraction, of the differential choice syste^ ^ 

.herefrom finding the position. Such an integrated 

displacement measuring system is of independent 

in^oth^nr " «-^=-*i«ation and n,ay also ei^ployed 
xn other direct linear drives, in the case of which a 
permanent magnet arrangement is able to be shifted in 
relation to the drive coil system and Che latter comprise, 
ccils a row on a ferromagnetic core. 

izx .yTT^'^l ^"^odiments of the invention are represented 
~tT "^."^ described in detail in the following 
account in conjunction with the accompanying drawings. 
Figure i ig a diagrammatic section-like 
overall view of an 
electrodynamic direct linear 
drive as one embodiment of the 
invention. 

shows pare of a similar 
arrangement in the case of 
which the axial Idength of the 


Figure 2 
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Plgrure 3 


Figure 4 


Figure 5 


-ax-iva coil system is larger 
bh-an. that of th« pentiainent 
magnet arrangement, 
ia a representation to explain 
the circuit ccimectiona of the 
coil parte o£ the drive ooii 
system. 

shows a lenowzi evaltiating or 
processing circuit ror a 
displacement ok- travel 
meaaurlng system in the form of 
a differential chokQ system, 
is a signal graph for 

es^laining the workings of the 
aye t em. 

In the oaee of the embodiment of cha invention 
depicted in figure 1 in the form of an electrodynamic 
direct linear drive a. housing 10 has a blind hole, in 
which a ferromagnetic tube 11 is guided by means of 
bearing units 12 for longitudinal motion. The bearing 
units 12 engage the outer face of the cube ii and are in 
the form of plain or' anti -friction hearing arrangments . ' 
Same fit as keys in longitudinal grooves, not illustrated 
xn detail, in the ferromagnetic tube 11 eo prevent 
relative rotation. Ae an alternative to this it ie 
possible for the ferromagnetic tuJbe li to have an oval- 
like or a prismatic crose section instead of a round one 
Biach cross section then in itself preventing relative 
rotation. 

Radially or diametrally magnetiaed permanent magnet 
rings oon^iosed of magnet segments or magnet shells, which 
themselves, are radially or diametrally magnetized, are 
placed in the tube 11 acting as a guide tube, euch rings 
being in the following termed magnets 13, which are so 
arranged and so fixed to the bore of the tube 11 that in 
the axi^l directioi^ there is an alternating field sequence 
with a radial alignment of the field. The tube 11, which 


S. 006 
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for exanpl* is 1^ the for™ of a ,teal t,ube. constrituCe. 
th« axma,:ure of th* direct linear d^ive «„d „rve^ to 
x^e«ava the magnets 13 as a magnet return meaxie for 
containing ch« magnetic field and as a guide cube 

The stator ^raiiged within the a™ture essentially 
eo^risea a f erxon,agnetie core 14, which may b« in the 
form Of a ateel or iron core o£ round solid or tube 
material, on which a cylindrlcally wound drive coil System 
15 « provxd«d. Tho core 14 provided wlch the drive coll 
Byst.™ 15 is h.re fixed to one end the inner side of 
the housing 10 and extends out into the blind hole or 
resp^^ti^ely, the ferromagnetic tube li from the inner 
sxde Of the housing lo. The inner side of the magnets 13 
xs provided or lined with a non-n,agnecic, thin-walled tube 
IS, whoee bore serves as a sliding face for a support 
element 17. which is n«unted on the free end of the core 
14 and itself is designed in the form of a pla.n or anti- 

alT.T Tt"^' °^ '^^^ 17 the 

core 14 and the drive-e coil system is are reliably guided 
wathxn the magneto X3 with a minimum gap therebetween. 

If the ferromagnetic tube 11 has a non-round cross 
section then the components contained in it will naturally 
be suitably shaped to comply. 

The end protruding from the housing lo of the 
armature or, respectively, tube IX is connected at its end 
by way of a connecting element 18 with a rod 19. which 
extends in parallelism to the tube ii into a hole in the 
housing 10 and is guided for motion therein. This rod 19 
^tends through a brake means 20, with the aid of which 
the respective position of the armature may be held for 
example electrically. Such brake means 20 are fcnow^ in a 
large number of different type^ so that a more detailed 
description thereof is unnece^aaxy. Furthermore, such rod 
19 and/or the tube li, directly cooperating with the 
eensor meatig 2i extending m parallelism thereto, 
constitutes a displacement .measuring system for finding 
the respective position of the armature. As will be ^ 
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explained at greater length later, it is possible for the 
sensor means 21 and the corresponding displacement 
measuring system to be dispensed with by connecting up the 
drive coil »yet«„ 15 a differential choke system and 
addxtionally as a displacement meaauring system. 

Fuxthermore the housing lo contains electrpnio power 
circuxtry 22 and control and/or regulating electronic 
circuitry 23. The electrical components are in this case 
connected with each other by lines, the drive coil eyetem 
15 being tnore particularly connected with the aid of a 
line 24 With the electronic power circuitry 22. 

The drive coil system is may be single or multi- 
strand i„ structure, the corresponding coil strands 
alternating axially respectively in their direction of 
winding. The coil width should be selected in a manner 
dependent on the width of the magnets 13 employed in 
accordance with the division of the whole number of coil 
strands. This means that in the case of the two strand 
drive coil ayBtem 15 represented in the working example of 
the invention the width of a coil part is equal to half 
tha width of a magnet 13. in the case of use of multi- 
strand ooil systems confutation bf the coil atranda is 
necessary in accordance with their position^ in relation 
to the magitets 13 of the armature. Such an inherently 
known cotiTOUtating arrangement is not illustrated in detail 
and may be electronic or mechanical. 

The length of the drive coil system 15 in relation to 
the length of the permanent magnetically e*:cited armature 
is dependent on the purpose of use. As shown in figure 1 
the drive coil system is is shorter than the tonal number 
of magnets 13 in the permanent nvagnet arrangement. This 
means that the drive coil system is optimally employed and 
a part of the permanently magnetic armature is temporarily 
unused, owing to the optimum employment of the drive coil 
system better efficiency is achieved, although however the 
mass of the armature is increased. 


s. m 
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ffxgure 2 showa just a p^rti of a, stator and «x 
armature on a larger .cale to indicate the other case i 

the drive coil ^yscetn 25 depicted there Is linger than 
the permanent magnet arrangement consisting of foS 
™agnet« SS^ ^nd longer than the corresponding «rmatu:.e. a 
ferrornagnetxc tube 27 is correspondingly shortened which 
receives the magnets 26 and an i„ne^ noxi magnetic thin- 

Z^t TlL"\"^ ^'^^ ^« --ngel:: the 

magnet volume i« optimally u^«d, the partly unused coll 

regions producing unnecessary heat, on the other hand the 
armature's tnase in guch .an arrangement is reduced 
something which inqproves the dyr^amic properties. la 
figure 2 the magnetic field lines are diagrammatlcally 
represented hy chained linea and the direction of winding 
of the ccxl parte of the dxive coil ayatem IS are 
indicated using conventional symbols. 

As a source of powe;ir fox- the olectrodynamic direct 
Ixnear dri^ of figure 1 only one power supply connection 
(not Illustrated) and only one control connection with an 
«ctemal central arrangement are required, such 
connections being for e^n^le in the form of a field bu^ 
or a binary bus. All initializing and regulation 
operations are implemented by the integrated electronic 
circuitry, something which renders the unit extren,ely easy 
to handle and nwtnimizes the amount of wiring necessary. 

The function of the integrated displacement measuring 
means is based not, like the prior art of the type 
initially mentioned, on the measurement of moving, highly 
permeable cores in the differential choke systems, but on 
the measurement of changes i„ inductance caused by 
saturation phenomena, which are shifted by the movement of 
the armature, which owing to the magnets 13 ia permanently 
magnetic, and thus cause changes in inductance along the 
displacement, which changes may then for instance be 
detected by way of methods indicated in the prior art 
cited. 
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Piguira 2 shows the principal field configuration of 
the linear drive with all significant components. c?wing 
to tb© containment of the field by the core 14 induction 
changes of different intensity result, such changes may 
be aplxt up into regions of weak induction, that is to say 
also Of weak magnetic saturation in the iron, and Into 
regionn of strong induction, that ig to say of strong 
magnetic saturation in the iron. Prom the relationship 
between induction with the known bh magnetization line of 
the iron material employed <B meaning induction and h 
meaning field strength) which may also be represented in a 
US. characteristic or function, wa obtain a certain 
variation in permeability C^) in the iron core in the 
axial direction. 

Tha variation in permeability is linked with the 
permanent magnets of the armature and accordingly the 
position of the armature. This -^rariation In permeability 
may be employed electrically for detecting the position by 
way of the coil inductance of the drive coil system 25. 
The coil inductance is dependent on the magnetic 
resistance and the number of winding turns. The magnetic 
resiBtance is for its part not only dependent on the 
volume of tha material or the area and the magnetic length 
of the field segments (constant in the working example) 
but also on the permeability. 

la order to able to now us« the principle of 
integrated displacement measurement, it is necessary for 
the drive coil system 25 and, respectively, is to be so 
designed that a differential choke system is produced. 
This will be easpiained with reference to figure 3 and two 
coil parts 29 and 30 of the drive coil system 25 and, 
respectively, is used In the working embodiment of the 
invention, m the case of this two strand coil system 
employed in the working example, in which in the axial 
direction every second coil part 29 and 30 as connected in 
series leads to on^ strand,, these coil parts 29 and 30 are 
again divided up into coil regions 29a and 3S»b and also 


S, 0 
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respectively 30a and 3ob and bo wound that there ±e a 
strand divided into, two arte In which evftty first rftgion 
part 29a of a coil part 29 Is placed in circuit with evary 
further first coil region 30a of a coil part 30 of the 
same etrand in series to produce a half strand (the supply 
strand) and avery second coil region 2Sa and 29b of the 
coil part 29 and 3 0 is placed in series with one second 
half strand Cthe return strand) . The connection point 
between th« supply and return strands is also made 
available as a center tap terminal 31 between the end 
terminals 32 and 33. 

Each further strand is placed in circuit in this same 
manner. Since now the changing variation in permeability 
in the respective coils of a half strand is geometrically- 
offset on movBtnenc of the armature therethrough, in the 
respective strand parts (which owing to the connection in 
series may respectively be looked upon as single 
inductance) sinusoidal inductance variations will result 
which are offset in relation to each other in accordance 
with the distance apart of the coil parts. Owing to the 
particular coil circuit arrangement of the half strands 
there is now a differential choke system in accordance 
with figure 4, which conipriees the two Inductance pares 
and La, in the case of which, unliice prior known designs, 
there is ho core motion, in this differential choke 
system it is now possible, using the inductance measuring 
method represented in figure 4 and previously proposed in 
the cited prior art, to ascertain the ratio between the 
two induotanoe fractions Li and Lj of the half strands of 
a complete strand. 

By now plotting the inductance changes of both 
complete strands against displacement, we will have the 
signal curves indicated in figure 5, The true sine curve 
will ideally correspond to the variations in induction in 
the iron core (left hand scale) and the asymmetrical 
curves will correspond to the computed induction 


10 
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variations in the two strands of tli« motor windlnga on 
full movement o£ the armature, which represent the 
cJlsplauem«nt aignal (right hand scale) to be eval^iated or 
prQceeeed. These curves arfe aeyrnmetrieal, aince 
magnetization characteristics of the material iitili^ed ar* 
aon-iinear. Measurement of the displacenient is nov 
performed on the one hand by counting the respective 
perioflB and interpolation of the analog iutetniediate 
values 9o that we have a relative displacement moaaurlng 
system with absolute displacement intftrpolation in the 
respective aegmencs. 

For detection o£ the position values on the basis of 
the signal variations use is made of the known circuit 
illustrated in figure 4. As already mentioned the two 
half strands 34 and 35 of the complete strand of the drive 
coil system 25 and, respectively, 25 are connected in 
series. Operation takes place by the application of a 
pulse width modulated square pul=e voltage U™, which is 
generated in a position or path regulator 3 5 designed In 
the form of microprocessor and by way of a driver stage 3 7 
to the half strands 34 and 3S. 

For the measurement of the inductance changes the- 
voltage drops U^^ and across the half strands 34 and 25 
are decoupled separately using a respective measuring or 
precision amplifier 38 and 39 and as regards the signal 
level adapted to the following electronic evaluating 
Circuit. Accordingly reprssentatlons of the voltage parte 
across strands 34 and 35 will be present at the outputs of 
the measuring amplifiers 38 and 39. By electronic 
differentiation in the following differentiating stage 40 
and 41 of the voltage signals at the output of the 
measuring amplifiers 3a and 39 respectively shortly after 
switching over the pulse width modulated setting signal it 
is possible for the inductance ratio of the two half 
strands -34 and 35 to be ascertained which are sw±toh«d at 
the pulse frequency. By subtraction of the rates of 
increase of the voltages for the two half strands 34 anc 
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10 


15 


35 by Tueans of « subtraction stage 42 the accuracy of the 
detection of the inductance ratio may be Inc^reaaed by 
elimination of interfering DC factors. If the detection 
of the inductance ratio is always performed at the same 
point in time after switching over the setting signal and 
intermediately stored in the worHiixg example in a sample 
and hold raeame 43 and 44, there will accordingly be a 
displacement-dependent quasi -continuous DC aignal at the 
output of the subtraction stage 42. m extensive parts 
thereof thl* signal will be linearly dependent on the 
armature position and consequently Corresponds to the 
respective true position value Xi*, of the armature. 

The signal xiac present at the output of the 
subtraction etage 42 Is now employed for regulation by 
coupling such eignal with a target position value x,,„ and 
deriving from this the control signal. This takee place 
in the position or path regulator 36. Accordingly using 
the arrangement described it is possible to perform the 
displacement and also produce a displacement signal. 

The above described displacement measuring system is 
not only suitable for electrodynamlc diarect linear drives 
in accordance with the working examples taut also for other 
electrodynamlc direct linear drive, which differ in design 
from the working embodiments herein. 
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Claims 


1, A direct eleot37odyiiami«5 linear drive comprising a 
drive coil eyscem (is and 25) coxttposed of eoilo arranged 
in a row alongside eacn other on an elongated 
ferromagnetic core (14) , which coil system ig able to be 
supplied with a switched exciting voltage, and a 
ferromagnetic tube {11 and 27) fitting ar^imd che drive 
coil system (15 and 25) , a j^lurality of p,.rmanent magnets 
(13 and 26) being arranged on the inner aide of the said 
tube in a row alongside sa.oh other in the longitudinal 
direction of the tube (ll and 27), the core (X4) being 
provided with the drive coil system and designed as a 
stator and the tube (li and 37) provided with the 
permanent magnets (13 and 26) being designed as an 
armature . 


2. The direct linear drive as set forth in claim 1, 
charaeterleed in that the tube (11 and 27) is arranged in 
a eliding manner in a longitudinal duct in a housing (10), 
the drive coil ay^tem (15 and 25) extending into such 
longitudinal duct from one end thereof. 

3. The direct linear drive as set forth in claim 1 or 
in claim 2, characterized in that a jion- ferromagnetic 
guide tube (IS and 2S) extends along radial inner faces of 
the permanent magnets (13 and 2S) and at least one support 
element (17) arranged on the elongated core (14) , said 
supporc elemeni: be'ing adapted to slide or toll along cha 
bote face of the guide tube (16 and 28) on motion of the 


13 
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4. The direct; linear drive as set fortb in atiycne of 
tAe preceding claims, charaeterisied in that the radially 
magnetiaed permanent magnecs (13 and 26) fit arowid the 
drive eoii syacem (15 and 2S) and more especially are made 
up of radially or diametrally magnetized magnet segment* 
or magnet shells. 

5. The direct linear dariv* as set forth in anyone of 
the preceding olainuES, characterized in that the guide tube 
(11 and 27) and the permanent magnets (13 and 263 have a 
round, oval-liJce or prismatic wosa section. 

6. The direct linear drive as set forth in anyone of 
the preceding claims, characterized in that the housing 
(10) has integrated in it an electronic regulating and/or 
control syeteni and/or power system (22 and 23) for 
electrically supplying the drive coil system (15 and 25) 
and/ or an electrically operated brake means (2Q) for the 
armature in the housing (lo) . 

7. The direct linear drive as set forth in ?inyone of 
the preceding claims, characterized in that the 
eylindrieally wound drive coil system (15 and 25) has one 
or more strands, and In the ease of there being several 
coil strands such strands are placed in sequence with 
axially alternating directions of winding on the core. 

S. The direct linear drive as set forth in claim 7, 
characterized in that the width of a coil of the drive 
coil system (is and 25) la equal to the width of a 
permanent magnet divided by the number of coil strands. 

9. The direct linear drive as set forth in claim 7 or 
in claim 8, characterized in that, said drive coil system 
(is and 25) having a plurality of acrande, an electronic 
or mechanical commucating means is provided for the coil 


14 
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atranda in accordance with their respective position Ixi 
relation to the permanent magnets (13) of the armature. 

10. The direct linear drive aa set forth in anyone of 
the preceding claima, characterized in that a displacement 
measuring system (21) is integrated in the housing (lO) , 
th* dri>re coil system (15 and 25) being more particularly 
designed in the form of a displacement meaguring eystem. 

11. An electrodynamie direct linear drive comprising 
a drive coil aystem (15 and 25) compoeed of coils arranged 
in a row alongside each other on an elongated 
ferromagnetic core (14) , which coil system is able to be 
supplied with a switched exciting voltage, a permanent 
magnet arrangement designed in the form of an armature and 
made up of a plurality of permanent magnets (13 and 26) 
placed alongside one another in a longitudinal direction, 
such arrangement being able to be slid in relation to said 
drive coil system (is and 25), the drive coil system (IS 
and 25) also being a component of a displacement measuring 
system for the arma.ture, more particularly as set forth in 
claim 10, charaeteri aed in that -the drive coil system (15 
and 25) is located in circuit as a differential choke 
system (34 and 25) since regions having different iron 
saturation in the core (14) , such saturation being due to 
permanent magnets (13 and 26) of the armature, causa 
changes in inductance and owing to the motion of the 
airmature are correspondingly shifted and in that a 
processing and evaluating means (3ff - 44) is provided for 
ascertaining the inductance variations of the inductance 
parts (Li and Lj) of the differential choke aystam (34 and 
35) and from this the position of the armature. 


15 
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Abstracc of the Dieeiosure 


A direoc ftlectrodynamio linear di-ivft compr-islng a 
drive CDil system (15) epmposad bf colls arranged in a row 
alongside each ocfter on an elongated fetaromagnecic core 
(14), which coll IB able to be supplied with a switched 
exciting voltage. Th«9 drive coil system (15) has a 
ferromagnetic tube fitting around it, on whose inner aide 
a plurality of permanent magnets (la) are arranged in a 
row in the longitudinal direction of the cube (11) . The 
core (14) provided with the drive coil system (15) is 
adapted to function ae a stator and the tube (ii) having 
the permanent magnets (13) as an armature. in this 
arrangement the ferromagnetic tube serves as a guide tube, 
as a magnetic retiura member and as a holder means for the 
permanent magnets, the posaihxlity of a simple and 
accurate longitudinal guiding of the cube (H) meaning 
that elongated units with a ^rnall cross section may be 
manuf ac tured . 

Figure 1 
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P a9142/EP 
16.03.2000 - rets 


FES TO AG S. Cp, 73734 E^^i.n^ ^^ 

Dio Erfindung betrifft elnen ele],trodynamischsn Linear- 

ord.iet:*n Spulen besteh^nden Anstriebsspuiensystexn, von 
Biner getakteten Erregerspannung beaufaohlagbar let, und 
mit mehreren, nebeneinander angeordneten Permanent:^ 
jnagneten, wobei Mittel rur Relativverschiebung der Pe,:-' 
magnet« eine«eits und des Antrieb^spulen systems andexar- 
Seita vorgeseheh slnd. 

BeJ. elnem derartigen, aus der DE 197 48 647 Al ta^kaimten 
I.±neardirektantrieb sind die Spulen an der InixensQli.e 
elnes ferromagnetischen Rohrs angeordnen, wahrend die Per- 
manentmitgTiet^ inaerhalb des Anrriebsspulensystems bewegbar 
sind. vor aliem bei langgest^reokten Anordnungan fuhrt dies 
2U nicbt unei-heb lichen Lagerproblemen der innerhalb der 
Spmen bewegbaren Pannanentmagmeta, und ein KraftUber- 
tragungseiement mufi an den Magna ten fixiejrt warden- 

Bine Aufgaba der voriiegenden Erfindung basneht fiomit dar- 
in, .inen aaelctrodynaia±aeh«n linftarantrleb schaffen, 
bei deal auch bei sehr langgestreckten Auefuhrungen aine 
elnfaoh 2u raaiisierende und sichara Lagermig des JL-Sufers 

Diese Aufgaba witd erfindmjgsge«iafl mit d«n Mertaaalen das 
Anapruchp 1 geXost. 

Das das Antrlebsspulenaystem lamgreifende und haXtendd 
fecromagnetisoha Rohr hat elne Mehrfacbf unktlon und dien 
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sum exnen ms Ftihrungselement riir den Lfiuf^r una sum ande 

Feldfuhrung. Bin solches farroxnagnetisches I^ohr kann 

versohxebbar .iche. und .x^Jct g^fCinrt werdea, wahr^nd das 
Antrx^bsspale^system in, l„n«r«n des Rohrs bzw. der Penua^ 
Jienttnagnete Qrtsf^st fixiert warden kann, 

Durch axe in den Crnteranspriichen aufgefUhrt^n Maflnahmen 
s*„d vortellhafte Weiterbildungen Verbes^^rungen des 

isi Anspruch a angegebeiiexx L±neavdit«ktantriebs moglich. 

Das nohr 1st m vorteiihafter Welse in ^inem LSngskanal 
elnes Gehauses var«chiebbar gelager-t, wobel das Antrieb*^ 
spul^nsysrem in dies«n Langskanal von einer Seite her hin- 
einragt:. Hiardarch siBd l.lneardir*ktantriefaa mit sehr ge- 
ringen Gehauaequerschnitten und groBer Langserstreckung 
teallsierbar, 

di* :=«ntrlsohe Position des Antriabsspuien^ystema im 
ferromagnetlscben Rohr bei relativ kleineft Abatanden za 
den Permanentmagneten reallaieren zu konnen, erstreekt 
sich em nieht-^fenromagnetisches Fuhrungarohr *ntlang der 
radiaien innenflachen dar Perwianentmagneto, wobei zuaatz- 
llcti am langgestreokten Kern wenigstens ein Abstutzelerrv^nt 
angeordnet 1st, das entlang der innenf iHche des FUhrungs- 
rohrs gleitefc oder abront. 

Die radial magnetisierten Permanentmagnete umgreifen das 
AhtriebsspuiensyBtem und sind insbeaondere aus radial 
Odar dlaiaetral tnagnetl^iert^n Segraentmagneten oder Magnet- 

schalen auf gebaut;^ 

Das Fiihrungsrohr und die Permanentmagnete konneti einen 
runden, ovalahniichen oder prismatlschan Qu*r*ohnitt be- 
aitaen, wobei aiie nient-rund«i Querschnitte gaeichzaitig 
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eine Verdrahslcherheiti gewahrleisten. 

Eine basonders kontpaJcte una lelcht: handhabbare Anordnung 
wlra dadurch errsicht, daS in, Gehause eAne Regel- und/oder 
Steuerv- «nd/odex Leistunggaiektronik *ur elektriscften 
Beaufschlagung des Ahtriebsapuiensystems und/oder eine 
elektriBch betatigbare Feststelleinrichtung fiir den L^iifex 
xnteg^iart ist. 

Daa zylindriseh gewickelte Antriebsspuj^nsyatem kann ein- 
oder luehwtrSnglg ausgebiidet seln, wobal be± mehreran 
SpulenstrSngen dl»se in Ihxem wickeXainn jeweiis aiter- 
nierend in axiaier Richtang auf dem Kerti aufgehracht sind. 
Die Spulenbreire elner Spule entspricht dabai der Braite 
eines Pezmanentraagnetftn getailt durch die Spuienstrang- 

I 

Bel ainem itiehrstrangigon Antriebsspuiensystem ist zweck- 
maeigerweise eine elektronische Oder inechaiiische Koinma- 
tierung der Spulenstrange entsprechend ihvrer jewelligen 
Lage zu den Pexmamentmagneten des LSuf ers vorgasehen, 

zur Bestiitmang de^ Lauf erpogitlQn ist im Gehauae ein Wag- 
mefisystem iixtegriert, wobfti vorzugswelse das Antrlebs- 
spulensystem ala WegmefiaystCTi ausgabildet ist. 

in einer bevorasugten Ansgestaitung eines solchen inte- 
griertan Wegmesaystems ist das Antriebespulensystem ais 
Diffarentialdrosselsystem gaschaltet, in dem durch Be- 
reiche mit untersehiedlicher magnetischer Sattiguftg im 
Blaen des Kems, bewirkt durch die Magnate des laufers, mduktivi- 
tatsandermgen hArvorgarufen und durch die Bewegung d«s 
Laufers entsprechend verschoben warden, wobei einc die 
Induktiyitatsv^srhSltnisse der Teilinduktlvitaten des 
Dif ferentlaXdroaseisyatems arfassende und daraus die Posi 
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bastimmende Auswertseinriohtung vorgesehen isl:, Ein 
solches integriertea Wegmeflsystam ist von elgenstSndig«r 
erfinderischer Bedeutung un4 auch fur imdere Lineardltekt- 
antrieba eitiaetzb^, bel denen sine Permanentmagnetanord- 
n«ig relativ zum AntrlebaspuXensyatem verschiebbar ist und 
das Antriebespuxensystem aus an einem f erromagnetlsclxen 
Kern auf gerelhten Spulen besteht. 

AuBfuhrung«be±spiela dar Erfindung sind in der Zeichnung 
dargeatexit und in dex nachfolgenden Besohreibung naher 
eriautert. Bs aeigen; 


Fig. 1 
Fig. 2 

Fig. 3 
Pig. 4 

Fig. 5 


eine schematische sohnittattige Gasamtdarstel- 
lung aines eiektxodynamischen lilneardirekt- 
antriabs a.ls Ausf uhxungsbeispiel der Erfindung, 
sine ahniiche Anordnung in einer TeildatBteilung, 
bei dar die axiale Lange des Antriebsspul en- 
systems die der Peimanentraagnetanordnung uber- 
steigt, 

elnc Darsteilung zur Erlauterung der Varschal- 
tung der Teiispulsn des Anttiebsspulensystems, 
sine an sich beicannte AuBwerteschaltung fiir ein 
ala Dlfferentialdrossalsystem ausgebiidetea Weg- 
msBsystcsn und 

ein Signaldiagramm Bur ErlSutermig der Wirkungs- 
weise . 


Bei dem in Fig. l dargesteiiten Ausfiihrungabeispiel einaa 
elektrodynamlschen Lineardirektantriebs entHalt ein 
GehSusa 10 aina Sackbotirung, in der ein farromagnetisches 
Rohr 11 mittexs Lagerkassetten 12 langsverschiebbar ge- 
fiihrt ist. Dia Lagerkasaattan 12 gralfen an der AuOen- 
flSche des Hohrs 11 an und sind *1b CSlait- oder Rolien- 
lagaranordnungan ausgebildet. sie greifen in nicsht naher 
dargestelXtft langsnuten des f erromagnatischen Rohrs 
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au«.«h„l.«. .i„.„ ov.U^ii=H» =d^"p'I"I'tL=K" 

Su«3=h„... a..„claen, ..JL ::„\ ^^^^ 

arensicherheit gewShtl 

Oder" *usgeb.xae.en .ad.al 

F^ldfolge n,ii, ra<aialer Peidausrichtung eatsteht. nas bei- 
Si^iT'r*'' ^^^^^^"^"^^ --gebild^e Rohr 11 .t.llt de:^ 

de^ Magnete 13, aU «»ag„et±scher Riickschlufl «ur magneti- 
. schen Feldfuhrung und als Fuhrungspohr. 

Der inn^rhalb d^s Laufers nngeorduete St^tor b«stebt in, 
wesentlxchen aus eiaem ferromagftetischen Kem 14, der ais 
Stable Oder EisenJcexn In vc*n Rundmaterlal oder Ruad- 

rohr ausgebildet sein kann, auf dem ein zylindrisch ge- 

An!r ^"^^^^-^P'^^-'^^ten. 15 aufgabracht Der mit 

dem Antrxebsspulensystem 15 varseh^xxe 14 l3t dabei an 

einer. Ende an der Innen«ito dea Gehauses 10 £i«iert und 
ragt i« die Sackbohrung bzw. das f erromagnetl^c^he Rolxr 11 
I!^ I ^'^-^"--^^^ <a«« CSehans.s 10 au. hinein. Die Xnnen- 

rnneiifiach^ als GieitflSche fur eln AbstfltzeLraent: 17 
dl^nt, das am freien End* des K^rn. 14 ^ontxart: l.t und 
selbst als Gleii:- oder Rolleniager ausgeb±idet i*t. 
T.Tl ^-t:t3t.el.^ant3 17 werd«n der Kern 14 uad 

da. A„i:...bs.pulensysi:en, 15 innerhalb der Magneto 

13 bel mogllchen kleinen Spalt^n gefiihrt. 
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F*lXs da* fe3.rox»agneti3Che Rohr 11 ^xnon nicht:-™d.n 
Querachnltt: b.nit.^, so .ind die darin enthaltenen Kon,po. 
xient^^n =*lbstv«rstandlich entsprechend ^«fo«nt. 

Rohrs 11 *tirn««iti^ uber ein ^Terbirxd^g.^ienv^nt 18 

nxi: elnex Stange 19 v.rbund^n, ,jie parallel Rohr ii in 

exne Bohrung de's Gehau^e^ lo hinai„«gt und in di..er g.- 
fuhrt ist, Diase Stance 19 veriSuft durch eine Feststell- 
^inrichtung 20, n^lt d««n Hil£« die j.w^ilig. Po.±,.ion des 
Laufara beispiolsw^xse eiekt^lsch flxi^rt wcxden kar»». 
Der^tige F*stst*ll«inriehtungen 20 slnd in vielen Varia- 
^ionen b^kannt, so dafl eln* nShere Bescnreibung antfallen 
kann. Meiterhin blldetr dicse Stange 19 und/oder aas R^nr 11 
dx^ekt in Verbindung mi,: einer parallel da*u vetiaufenden 
Setisorelnrichtung 2i ein WegmeJlsYStem aut Erfassung der 
jeweiiigen Position de= L^ufers. Wie spater noch nSher 
etiautert wird, kKnnen die Sensorelnxichtung 21 und das 
entsprechende Wegmeflsyatem auch entf alien, indem das 
Aatri^bsspulensystem IS ale Dif f erentialdrosselsyaten, 
geschaltet zuaatziich als Wegnwaayetem dient. 

im GehSu^e 10 sind weiterhln eine Leistungseiektronik 22 
und Sine Steuer- und/o^er Rogeieiektronik 2 3 Integrlert. 
Die eiektriachen Komponenten Bind dabai mittels Leitungen 
untereinander verbundan, wobei inebesondere das Antriebs- 
spulBnsyst:em 15 mittels einer Leitung 84 mit der tei^ 
stungaelektronik 22 vejfbunden ist. 

Das Anttiebsspuiensystem 15 kann ,in- od^r jnehratranffig 
aufgebaut: sein, wob^i die entsprec:h«xiden SpulenstrSnge in 
ihrem Wickel^lnn jewelia alternicrend in axi*le:r Rlohtung 
aufgebracht sind. Di« Spulenbreite «,uB in AbhSngigkeit 
Breite der Verwendeten Magnate 13 in der Teilung der 
spulenst^iiganzahi ausgeiagt weirden. Dies badeutet, daa 
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h^x dem «u Ausfuhrungsbftispiel, darge«tellt;^„ ^veiat^rangi- 
gea Ant:rieb=spulensyst«B 15 die SE.nlenbxell.e eiiier Teil- 
^Pule der halbon svelte .ln« Magneten a3 entsp.lchi:. B.i 
der Ve^enaung von xnehr^trSftgigen Spuiensystemen i^t eine 

Dlagn^ten 13 des j.^^t.r. notwendig. Elne solcne an aich 
elektronisch oder mechanisch erfolgen. 

Die Lange des Antriebsspulansystems 15 VerhMltnis .ur 
Lsinge des petmanftntinagnetiBch erregten LEufexs ±at vom 
Verwexidungs^weck ^bhangig. Ge^Sfi Fig. 1 das An1:ri.i,s- 

^puiensystem 15 Jcurzer als die Ge^tzahl der Magnate X3 
der Pexraantentfliagnetaftordnimg. Hierdurch wird das 
Antrlebsspuiengyst«« optimal ausgenutzt, und ein Teii de* 
permanennuagiietiachen Laufers ^xrd tenporar nicht genutzt. 
nurch die optimaie Aua„ut^u«g des Antriebsspulensysteins 
wird ein giinstiigerer Wirkungsgrad erreioht, alLerdings 
steigt dabei d±e Masse des iSufers. 

in Fig. 2 iBt in ainer vergrgfierten Teildarstellung ledig- 
llch einee statorg und eines Laufers der andere Pall dar- 
gsHteiit, das heiiJt, das dort dargestellte Antrlebsspulen- 
system 25 ist langer als die aus viet Magneten 26 be- 
stehende Permanentmagnetanordnung, also langer ala der 
entsprechende LSufer. Bntsprechend verkflrst sich eln die 
Magnete 26 aufnehmendea ferromagnetisches Rohr 27 und ein 
Inneres nlcht-magnetisches, dunnwandiges Rohp 28. Bei 
dieser Anordnung iSSt sich das Magnetvoiuinen beatmSglich 
ausnutzen, wobei dann die teliweise ungenut*t«„ Spulei^e- 
rsichs unnStige WHrme erzeugen. Dagegen wird die Laufer- 
masse bei elner solchen Anordn«ng reduzlert, was die dy- 
namischen Eigenschaften verbessert. In Fig. 2 sind die 
magnettlschen Feldlinien sehematiscli durch strichpunfctierte 
Linien und der Mick lungs sinxi der Teilspulen des Antrleb ' 
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Regexvcrgango werden vox. der int.grierten Elektronik uber^ 
no™,., was die Einh«it «.nr lelc^it: Kandhabb.r in.=ht und 
den Verdrahtungsaufwand minimiert- 

nloht wle bel dam eingangs angegobenen stand fl« Technik 
auf dsr M^ssung von bew^giichen hochp^rmeabXen Kemen In 
Differentlaldroseelaystemen, .ondern auf der Vermessung 
von dur=h Sattlgungsersohelnungan l.a K«n hervorgeruf enen 
Xnduki^lvltatsanderungen, welche daroh die Bewagung de^ in- 
folg« dor Magnate 13 pemanantmagnatischen Laufcrs vr^ 
schoben verden und so Induktivl^StsSnde^gen iiber den. 
weg fahr^ii, dia dann bai^pialswaise durch das aus dem ein- 
gangs angagebenen stand der Teehnik bekannte VerfAhran 
erfai3t warden konnen. 

In yig. 2 1st der prinzlpialie B-eldverlauf dea t,ina*r- 
antriebs mit alien wichtigen Komponen«n dargeatellt Auf 
Grnnd dar Feldfiihrung durch den Karn 14 erguban sioh 
unter9Chi«dlxch atarka Induktionsvarlaufe. Diaa« lasson 
^±ch in Bareicha =ilt achwacher Induktion, da3 haiflt aucn 

Sattigung in. Eisan, und Be.elcha xait 
starker Induktton, das heifit starker magneti«her 
Sattigung 1^ Elsen, untarteiian. Aua dem ausairunenhang d«r 
induktion mit der bekannten BH-Mag«etxa±erungalln±e das 
verwendetan Bisenwerkstof f„ (b = influktion; S - 
Jeldstax-ka) , die ^ich auch in ainer uB-Kennlinie 
daratellen lafli:, ergibt slch ein bestiiwntar Per^ 
meabilitatsverlaue (^,) im Eiaenke:.^xi in axialer Riohtung 
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Oieser fermeabiiitaiisveriauf ist verknupft xnit den Per- 

position. El6k^.rlsch iHfit sich dies^re PermeabiiitSts- 

^""^ P^ition^erfas.ung Gbe. ai. Spuienlndukti- 
vxtat dss AntriebsspuienBystems 25 nutzen. Die Spul^n- 
induki:ivxtat ist von. magnetlschen Widersrans und der 
Wlndungszahi abhSnglg. Der m^gn^ti.oh^ widerstand wied^rmn 
ist neben dem Material vo lumen oder der TXSche uixd der lua- 
gnetischsh Jiange der Peldsegmente (beim Ausfuhrungsbei- 
spiex konstant) von der Ferffleabllltat abHangig. 

XJm das Ptinzip der integrierten Wegineasuag nun nutzen 
k&nnen, muS da$ Antriebsspuiansystem 25 bzw. i5 so ge- 
staltet werden, da6 ein Dif f erantialdrosselsyster. e^t- 
steht. Dies ist in Fig. 3 anhand von zwei Teilspulen 29 
30 des beim Ausfahrungsbelspiel verwendeton Antriebs- 
. 3pulensyBt«rs 25 bzw. 15 erlautert. B*i dies^ zwel- 
strangigen Spulensystam, bei dem in axialer Ri^htung jede 
zwelte Teilspuie 29, 30 in Serie gescnaltet einen Strang 
erglbt, warden diesa Tailspulen 29, 30 nochmala in Spulen- 
bereiche 29a bzw. 29b und 30a hzw. 30b untertellt und so 
gewickalt, daB slch ein zweigeteilter Strang ergibt, in 
dew jeder erste Teilbereicb 29a einer Tsilspule 29 mit 
jedem weitersn ergten S^,ulenbereich 30a einer Teilsp^ile 30 
deasielben Stranges in Serle zu einenv Halbstrang £dem Hin- 
strang) geschaltet ±at Und jeder aweite Spuienbereich 29b, 
30b d«r Teilspule 29,30 ebenfalls in Seri* elnem 
eweiten Halbstrang Cdem Rfickatrang) verschaltet sind. Die 
Verbindungsa telle zwischen Hin- und Ruckgtrang wird ais 
Mittelanzapfung 3i BWischan den Endanschliiasen 3 2, 33 
sbenfaiis herausgefuhrt . 


Mit jedem weltei:en Strang wird in seiner Verschaltung 
ebenso verfahren. Da nun d*r wechselnde PenneabiXitats- 
verlauf in den Jeweiiigen Spulen elnes Halbstranges geo 
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St«„d de. Technic bakannten XnLl? ^nSfegebanen 


spricht ideaiislnrt d3x„ induv J S;,„us-Kurv« ent- 

S.r.n.e„ der -oto^^iokiun™ b^^^r^" 

dl. d,. --rb.it.ndrCil^x d ''^^ 

lln«ar s±nd. Die WegmlJ "^^"iaii^n ni^ht- 

Auszahlen der ieweili.^^^'^^ •^foigt nun zuw einen dutch 

s xunrt, sind die beiden Haib- 
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25 bBw. 15 in Reih* geschalr^t. Dis An^t^uerung ^^folgt 
durch «ine PUXsweitenmoaulierte R.oht.ecXspannuag " , di« 
xn ein^. ai« Microprocessor .^.gebildet.a P«sition;!?";der 
Bahnregler 36 erzengt und fiber elne Tr«±berstiuf e 37 an die 
Halbstratige 3 4, 35 angel egt wird. 

Zur Messung der induJctivitSt^anderung werden die uber den 
Halb.trangan 34, 35 abfallendea Spann^ngen U , tmd a ge- 

und im Signalpegel an die nachfolgsnde elektronisch^ Aus- 
werteschaltung angepaflt. An den Ausgangen der MeOver- 
starker 3 6, 3 9 liegen aomit die Abbildvngen der Teil- 
spannungen uber den Halbstrangen 34, 35 an. Duroh eine 
elektronisch^ Dif ferenzierung m den nachg«sc:halt:ei;en 
Differensierungsstufen 40, 41 der Spannungssignale am 
Ausgang der MeSverstarker 38, 39 jeweils kurs nach dem 
Umschaiten des pulsweitenmodulierten stellsignals last 
sxeh das InduktivltatsverhSltnxs beider Halbatrange 34, 3S 
getaktet ird.t der Pulsfrequenz bestimmen. Durch Subttaktion 
der Steigungawerte der Spannungen belder Halbstrange 34, 
35 witteXB oiner Subtraktionsstufe 4 2 l^flt slch die Ge- 
nauigkelt der Erfassiing des Induktivltatsverhaltnisses 
durch Blimlnieren von Glaichspannungss tor^mgen steigern. 
wird die Erfassung des Induktivatsverttaitnlsses inuner zum 
eelben Zeltpiinkt nach dem Dtaschalten des Steligignala 
durchgefuhrt uhd im Ausfuhrungsbeispiel in einen, "Sample- 
and-Hold"-Glied 43, 44 zwischengespelohert, ergibt slch am 
A«sgang der Subtraktionsstute 42 somit ein wegabhangiges , 
quasi^kontinuieraiches Glelchspannungssignai . Dieses 
Signal ist in weiten Bereichen linear von der I.Sufer- 
posltion abhangig, entsprleht also den. jeweiligen Poai- 
tlons-Istwett: x^^^ das tSuf ers . 


Das am Ausgang der Subtraktionsstufe 42 liegende Slgna 
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simsi ™*4. J ^-^^i^ese^ZBt, lii4em man dieses 

IZT.tT''" :^»^*-^riert:e Wegm^asys.am i.t .i.^^ 
fur eX«ktroayn^i»che I.iaeard4relci:antriebe g^ae den Aus^ 
.uh.ung,.eisp«X.n einset.bax, .ond..n Kann .ucK .a^ 
w^rdl: -in.ard.„.t:an.rieb. elnge.et:.^ 

spielen abweiohen. ^S9dbx 
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langgeatirecJcten Kern (14, ?r ^""^'='"^5netisch*„, 

tischen Rohr (la; 27) !: f "^^^^^^-den ferroxnagn^. 
Rianentmagnate (13. 26) Innenseito mehrere Per- 

Stator und das mit ^ vers«hene KeriJ (14) als 

27) ais Laufer ausgebildet iat. 
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spulensystem (15; 25) usigreifen vmd insbesondare aus 
radial pder diainetral ™agnei;isi*rte« Segm«ftt,„agn««h oder 
Magnetschaien aufgeb*ut sind. 

5. Lineaxdlrektontrieb nach einem dar vorhergehenden 

Anapruche, dadurch gekennzelchnet, daS das Fuhrirngsrohr 
(11 7 27) und die Pfesmanfthtmagnate (13, 26) einen runden, 
ovalahnlichen oder prlsmatischan Querschniti; bQsltaen. 

5- Lineardlrektantrieb nach einem der vothergeh^wden 

Anspriiche, dadurch gekatinzeichnet , da0 ini Gehaase (10) 
Sine Regel- und/oder steuet- und/odex Lelatungselelctronllc 
(2 2, 23) 2ur alfektrischen Baauf achlagung des Antrlebs- 
spulensystems (IS, 25) jLntegriert 1st und/od«r d*S eine 
elektrisch betatlgbare S-eststell^inriChtung (20) fiir den 
LSafer irn GehSuse (lO) angeoi-dnQt; Isti. 

■ 

7. tineardirektantrleb naeh einem der vorhergehenden 
Anspruche, dadurch gekaimzeichnet, daa da* zylirtdrisch ge- 
wickelte Antriebsspulsnsystem (15, 25) ein- oder mehr- 
etrMngig auagebildet ist, wobei bel mehreren Spulen- 
strangen di«s« m itirern Wickelsinn jaweiig ai*«rnlerend in 
axlaler Rlchtung »uf dem Kern aufgebracht sind. 

8. Lineardirektantriab nach Anspruch 7, dadurch ge- 
kennzeichnet, daa die Spulenbrelte einer Spule dea An- 
trlehsspulensystams (15, 25) der Brelt* elnes Permanent- 
magneten (13) geteilt durch die Spuienstjrangzahl ent- 
spricht. 


9, i-ineardirektantriefa naoh Anspmesh 7 oder 8, dadurch 

gakennzAichnet, daS bei einem mehxstirSngigen Antriebs- 
spulensysteni (15, 25) eix.e elektroniache odar iu«ohaniach« 
Koramutistung der Spulenstranga enteprechend ihrer jeweili- 
geR Lage au den Permanentinagneteti (13) des Lauferg vorgi 
sehen ist. 
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system (15; 25), das vo„ elner getaktet^n 

" ^^''^^ LSufer ausgebiiae- 

Po^anf^:!'" P.x«anent.agn«l:.„ (13 ; 26, best:ebe„aen 
P«rmanent™agn.ta«ordnung, ..xat.iv ^triebs- 

.Pulen.y.t«a C15, 25, veorscbl.bba. i.., ..^..^ 

. '-"^ ^"^^^ Be*tan^teii ei„es 

W.g»e3.yst«m. fur den LSufer 1st:, l.«be3ond«e nach 
An.p.uch 10, aadurc^v ge,.en„.eicbnet:, daS das Antrl.bs- 
spule„.y3t^ (13, 25, aX. Dl«ere«tlaldrcssslsyst^ (34. 

licher Eisensattigung im K«rn (14,, bewirkt durch dia 
i'ertnanentrtia&netfe fl3i ^>rti j*- ^ - - 

^ laufers, InduJctivitatsatia^- 
rungen hervorgerufen und durei, die BeWsouna r" -f 

Ul«e„„..„a«,.se.,y,«». ,3 4, .5, .rfa«j;j; X 

44) vorgesehen ist. 
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Z-asatnmenf, 


as 


b=»uf=chJ„bar l„. i,a= 

antxiebsspulensyistem (15) wLrd. ^ 

system (15) versehene Kern (14) isc * ^+-=4.^ ^ ^ 

J — . aXS StatOX" unci Aas mi* 

fachen und exakta^ I-Mnga f fihrung des Roi.rs (11, i^ngge- 


(Pigur 1) 
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